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(57) ABSTRACT 
Disclosed is an electrolyte for a rechargeable lithium battery 
including an organic solvent; a lithium salt; a flame retar 
dant; and at least one acrylate compound having a fluori 
nated alkyl group. The electrolyte for a rechargeable battery 
may provide a rechargeable lithium battery having flame 
retardant characteristics without decrease of cycle-life and 
battery performance. 
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ELECTROLYTES FOR RECHARGEABLE 
LITHIUM BATTERY AND RECHARGEABLE 
LITHIUM BATTERY COMPRISING SAME 

CROSS-REFERENCE TO RELATED 5 
APPLICATIONS 

This application claims priority to and the benefit of 
Korean Patent Application No. 10-2013-0005097 filed in the 
Korean Intellectual Property Office on Jan. 16, 2013, the 10 
entire contents of which are incorporated herein by refer 
CCC. 

BACKGROUND 
15 

1. Field 
An electrolyte for a rechargeable lithium battery and a 

rechargeable lithium battery including the same are dis 
closed. 

2. Description of the Related Technology 2O 
Rechargeable lithium batteries capable of being repeat 

edly charged and discharged has a high Voltage and a high 
energy density and excellent storage performance and opera 
tion performance at a low temperature and thus, are widely 
used as a power Source for portable electronic devices. 25 

Accordingly, rechargeable lithium batteries have been 
researched as being large-sized and applied to an electric 
vehicle or a domestic electricity storage device. However, 
rechargeable lithium batteries may be internally short-cut 
and even destroyed or exploded when they meet abnormal 30 
conditions such as overcharge and the like due to impurities 
therein or various reasons. 

Accordingly, an electrolyte including a flame-retardant 
additive or an ionic liquid as an assistant solvent has been 
suggested to prevent these abnormal battery problems. How- 35 
ever, the electrolyte has high stability but high viscosity and 
may deteriorate efficiency characteristic and decrease cycle 
life characteristics of the rechargeable lithium battery. 

Although the flame-retardant additive may have a stable 
electrochemical window, it is easily coordinated with 40 
lithium in the electrolyte and oxidized or reduction-decom 
posed on the interface which results in and the formation of 
a film and accordingly, increase interface resistance during 
the operation of the rechargeable lithium battery for a long 
period and deteriorate its cycle-life characteristics. 45 

SUMMARY 

One embodiment provides an electrolyte for a recharge 
able lithium battery having improved flame-retardant char- 50 
acteristics and maintaining/improving battery characteristic. 

Another embodiment provides a rechargeable lithium 
battery including the electrolyte. 

According to one embodiment, an electrolyte for a 
rechargeable lithium battery includes an organic solvent; a 55 
lithium salt; a flame retardant; and an acrylate compound 
having a fluorinated alkyl group. 

The organic solvent may include carbonate, ester, ether, 
ketone, alcohol, an aprotic solvent, or a combination thereof. 
The lithium salt may be at least one selected from LiPF, 60 

LiBF, LiSbF. LiAsF LiCFSO, LiCIO, LiAlO. 
LiAlCl4, LiN(CFSO) (CFSO) (wherein, X and y 
are natural numbers), LiCl, LiI, LiB(CO),(LiBOB), and a 
combination thereof. 
The flame retardant may include at least one selected from 65 

a phosphaZene-based compound and a phosphoric acid 
ester-based compound. 

2 
The phosphaZene compound may be represented by the 

following Chemical Formula 1: 

Chemical Formula 1 

In the above Chemical Formula 1, n is an integer of 3 or 
4, and R and Rare the same or different and include, for 
example, F, NR', or OR", wherein R' is a C to Co alkyl 
group. 

In one embodiment, the phosphaZene compound may be 
a compound represented by Chemical Formula 2a or Chemi 
cal Formula 2b: 

Chemical Formula 2a) 

Chemical Formula 2b 

In one embodiment, the acrylate compound having a 
fluorinated alkyl group may be represented by Chemical 
Formula 3: 

Chemical Formula 3 

R 
Re 

O O 

C(R) 

In the above Chemical Formula 3, R, R and R are the 
same or different and are hydrogen or a methyl group, R are 
the same or different and are independently hydrogen or a C 
to Co fluorinated alkyl group, provided at least one R is a 
C. to Co fluorinated alkyl group. R may include -CFs, 
—(CF), CHF, —(CF)CF (wherein, n is 1 to 5), 
—CF2CH2. (n and m are 1 to 5), —(CF2), OCF2 
(n and m are 1 to 5), —(CF), OCFH (wherein, n is 1 to 5). 

In one embodiment, the compound represented by the 
above Chemical Formula 3 may include hexafluoroisopro 
pyl acrylate represented by the Chemical Formula 4, 2.2.3, 
3-tetrafluoropropyl acrylate represented by represented by 
the Chemical Formula 5, or a mixture thereof: 
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Chemical Formula 4 
CF O 

's-s-s CF 
O F 

issus rx's F 
F F 

Chemical Formula 5 

According to another embodiment, a rechargeable lithium 
battery including a positive electrode including a positive 
active material; a negative electrode including a negative 
active material; and the electrolyte is provided. 
The present embodiments provide an electrolyte for a 

rechargeable lithium battery having no cycle-life deteriora 
tion at room temperature and improved battery properties 
Such as resistance decrease and the like as well as flame 
retardant characteristics. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an exploded perspective view showing a 
rechargeable lithium battery according to one embodiment. 

DETAILED DESCRIPTION 

Example embodiments of the present disclosure will 
hereinafter be described in detail. However, these embodi 
ments are only examples, and this disclosure is not limited 
thereto. 
One embodiment provides an electrolyte for a recharge 

able lithium battery including an organic solvent; a lithium 
salt; a flame retardant; and an acrylate compound having a 
fluorinated alkyl group. 
The organic solvent may be a general Solvent that is used 

in a lithium battery without limitation, for example, carbon 
ates, esters, ethers, ketones, alcohols, or aprotic solvents. 
The carbonates as the organic solvent may include dimethyl 
carbonate (DMC), diethyl carbonate (DEC), dipropyl car 
bonate (DPC), methylpropyl carbonate (MPC), ethylpropyl 
carbonate (EPC), ethylmethyl carbonate (EMC), ethylene 
carbonate (EC), propylene carbonate (PC), butylene carbon 
ate (BC), and the like. The esters as the organic solvent may 
include methyl acetate, ethyl acetate, n-propyl acetate, dim 
ethylacetate, methylpropinonate, ethylpropinonate, Y-buty 
rolactone, decanolide, Valerolactone, mevalonolactone, 
caprolactone, and the like. The ethers as the organic solvent 
may include dibutyl ether, tetraglyme, diglyme, dimethoxy 
ethane, 2-methyltetrahydrofuran, tetrahydrofuran, and the 
like. The ketones as the organic solvent may include cyclo 
hexanone, and the like. The alcohols as the organic solvent 
may include ethanol, isopropyl alcohol, and the like. The 
aprotic solvents as the organic solvent may include R-CN 
(wherein, R is a C to Colinear, branched or cyclic hydro 
carbon group and may include a double bond, an aromatic 
cycle, or an ether bond), amides Such as dimethyl forma 
mide, dioxolanes such as 1,3-dioxolane, Sulforanes, and the 
like. 
The organic solvent may be used singularly or in a 

mixture. When the organic Solvent is used in a mixture, the 
mixture ratio can be controlled in accordance with a desir 
able battery performance. For example, the organic solvent 
may include a mixture of ethylene carbonate (EC)/ethylm 
ethyl carbonate (EMC)/dimethyl carbonate (DMC) in a 
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4 
volume ratio of 1 to 4.5/1 to 6.5/1 to 6, specifically, 
2.7/3.6/2.7, 3/4/3, 1/4.5/4.5, 1.5/6.5/2, 2/4/4, and the like. 
The lithium salt may be selected from LiPF LiBF, 

LiSbF LiAsF LiCFSO, LiClO, LiAlO, LiAlCl4, 
LiN(C.F., SO)(CFSO) (wherein, X and y are natural 
numbers), LiCl, LiI, LiB(CO) (LiBOB), and a combina 
tion thereof. 

In one embodiment, the lithium salt may be used in a 
concentration of from about 0.5M to about 2.0 M. 

According to one embodiment, the flame retardant of the 
electrolyte may include a compound having flame-retardant 
characteristics in an electrolyte for a rechargeable battery. In 
one embodiment, the flame retardant may preferably be at 
least one selected from a phosphaZene compound and a 
phosphoric acid ester compound. The phosphoric acid ester 
compound may include trimethyl phosphate, triethylphos 
phate, tributyl phosphate, triphenyl phosphate, tricresyl 
phosphate, trixylenyl phosphate, tris(2.2.2-trifluoroethyl) 
phosphate, tris(2,2-difluoroethyl)phosphate, tris(2-fluoro 
ethyl)phosphate, and the like. 

In one embodiment, the flame retardant may be a phos 
phaZene compound represented by the following Chemical 
Formula 1: 

Chemical Formula 1 

In the above Chemical Formula 1, n is an integer of 3 or 
4, and R and R are the same or different, for example, F, 
NR', or OR', wherein R' is a C to Cos alkyl group, and 
in one embodiment, R' is a C to Cs alkyl group. 

In one embodiment, the phosphaZene compound may be 
a compound represented by Chemical Formula 2a or Chemi 
cal Formula 2b. 

Chemical Formula 2a) 

Chemical Formula 2b 

The flame retardant may be included in an appropriate 
amount depending on a kind thereof and a desired battery 
characteristic. For example, the phosphaZene compound 
represented by Chemical Formula 2a or Chemical Formula 
2b, as the flame retardant may be used in an amount of about 
3 vol% to about 15 vol% and specifically, about 3 vol% 
to about 12 vol % based on the total volume of the 
electrolyte. 
The electrolyte according to one embodiment includes an 

acrylate compound having a fluorinated alkyl group. In one 
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embodiment, the acrylate compound may be represented by 
the following Chemical Formula 3: 

Chemical Formula 3 
Rd 

R 
Re 

or 
C(R) 

In the above Chemical Formula 3, R, R and R are the 
same or different and are hydrogen or a methyl group, and 
Rare the same or different and are independently hydrogen 
or a C to Co fluorinated alkyl group, provided that at least 
one R is a C to Clo fluorinated alkyl group. Examples of 
the fluorinated alkyl group may include —CF, -(CF), 
CHF —(CF), CF (wherein, n is 1 to 5), —CFCH 
(n and m are 1 to 5), —(CF). OCF (n and m are 1 to 
5), —(CF). OCFH (wherein, n is 1 to 5). In one embodi 
ment, the acrylate compound may be hexafluoroisopropyl 
acrylate or 2.2.3,3-tetrafluoropropyl acrylate represented by 
the following Chemical Formulae 4 and 5, respectively: 

Chemical Formula 4 
CF O 

issus 1. N O CF 

O F 

issus rx's F 
F F 

Chemical Formula 5 

When the acrylate compound is included in the electro 
lyte, the electrolyte may maintain flame-retardant character 
istics without deteriorating cycle-life, increasing resistance, 
and the like despite addition of the flame retardant. Without 
being bound to a specific theory, when the acrylate com 
pound is hexafluoroisopropyl acrylate, this compound may 
prevent cycle-life deterioration of a battery and decrease 
resistance through the following mechanism when the flame 
retardant is added thereto: 

21 

polymerization 
O O 

so 
C S. 

O S LiO O 
FC CF 

Specifically, the acrylate compound may undergo an ion 
polymerization reaction in the electrolyte and form a stable 
film on the surface of an electrode, and a bulky fluorinated 
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6 
alkyl group at the terminal end thereof in the film has high 
electron density at —CF due to fluorine having high electric 
affinity. Accordingly, Li ions are more easily coordinated 
on the surface of the electrode despite the flame retardant 
and resultantly, Smoothly intercalated and may form the film 
to have Smaller resistance. A carbonyl compound included in 
the film formed by the acrylate compound may involve the 
nucleophilic substitution by the lithium ions and thus, have 
a second reaction in the reaction mechanisms during the 
charge and discharge. However, since carbon bonded with 
CF has relatively low electron density due to the fluoroalkyl 
group, electrons relatively slowly move toward oxygen 
bonded with the carbon. Accordingly, the electrolyte accord 
ing to one embodiment may not deteriorate battery cycle-life 
nor decrease resistance despite addition of the flame retar 
dant. 
The acrylate compound may be included in an amount 

appropriate adjusted depending on a kind of the flame 
retardant and desired battery properties. For example, HC10 
or HC1OP as the acrylate compound may be included in an 
amount of about 0.05 wt % to about 5 wt % and specifically, 
about 0.08 wt % to about 4 wt % based on the total weight 
of the electrolyte. 

In another embodiment, a rechargeable battery including 
the electrolyte is provided. The rechargeable battery accord 
ing to one embodiment includes constituent elements such 
as a positive electrode including a positive active material 
and a negative electrode including a negative active mate 
rial, and a separator as well as the electrolyte. The recharge 
able lithium battery including the electrolyte is not limited to 
specific kinds or shapes. For example, the rechargeable 
lithium battery according to one embodiment includes a 
lithium ion battery, or a lithium (ion) polymer battery, and 
may be a cylindrical, prismatic, coin-type, or pouch, or a 
bulk type or thin film type. Structures and manufacturing 
methods for lithium ion batteries are well known in the art. 

In a rechargeable lithium battery according to one 
embodiment, a positive electrode including a positive active 
material may be manufactured according to a well-known 
method in the related arts, and structures and manufacturing 
methods thereof are not particularly limited thereto. The 
positive active material may be a material being reversibly 
intercalating/deintercalating lithium ions, for example, a 
lithium transition element compound. More specifically, the 
positive active material may be at least one composite oxide 
of a metal selected from cobalt, manganese, nickel, and a 
combination thereof, and lithium. Examples of the positive 
active material may be a compound represented by one of 
the following chemical formulae: LiA.R.D. (0.90sas 1.8 
and 0.sbs.O.5); LiE.R.O.D. (0.90sas 1.8, 0.sbs.O.5 and 
Oscs0.05); LiE.R.O.D (0.90sas 1.8, 0.sbs.O.5. 
Oscs0.05); LiNiCo.R.D. (0.90sas 1.8, 0.sbs.O.5. 
Oscs0.05 and 0<Cs2); LiNiCo,ROZ (0.90sas 1.8, 
0<bs0.5, 0<cs0.05 and 0<C.<2); LiNiCo.R.O.Z. 
(0.90sas 1.8, 0.sbs.O.5. Oscs0.05 and 0<C.<2); LiNi 
Mn.R.D. (0.90sas 1.8, 0<bs0.5, 0<cs0.05 and 0<Cs2); 
LiNiMn.R.O.Z. (0.90sas 1.8, 0.sbs.O.5. Oscs0.05 
and 0<C.<2); LiNiMn.ROZ (0.90sas 1.8, Osbs0.5, 
Oscs0.05 and 0<C.<2); Li Ni EGAO (0.90sas 1.8, 
0.sbs0.9, Oscs0.5 and 0.001sds0.1.): LiNiCo, MnOO 
(0.90sas 1.8, 0.sbs.O.9, Oscs0.5,0sds0.5 and 0.001 ses0.1.): 
LiNiGO (0.90sas 1.8 and 0.001sbs0.1.): LiCoGO 
(0.90sas 1.8 and 0.001.sbs.O. 1.): LiMnGO (0.90sas 1.8 
and 0.001sbs0.1.): LiMnGO (0.90sas 1.8 and 
0.001.sbs0.1.); QO: QS; LiQS VOs: LiVOs: LiTO: 
LiNiVO, Lis.J.(PO4). (0sfs2); Lisa Fe2(PO4); and 
LiFePO. 
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In the above chemical formulae, A is Ni, Co, Mn, or a 
combination thereof; R is Al, Ni, Co, Mn, Cr, Fe, Mg, Sr. V. 
a rare earth element, or a combination thereof. D is O. F. S. 
P. or a combination thereof: E is Co, Mn, or a combination 
thereof Z is F. S. P. or a combination thereof G is Al, Cr, 
Mn, Fe,Mg, La, Ce, Sr. V. or a combination thereof; Q is Ti, 
Mo, Mn, or a combination thereof T is Cr, V. Fe, Sc., Y, or 
a combination thereof, and J is V, Cr, Mn, Co, Ni, Cu, or a 
combination thereof. 

In a rechargeable lithium battery according to one 
embodiment, a negative electrode including a negative 
active material may be manufactured according to a well 
known method in the related arts, and structures and manu 
facturing methods thereof are not particularly limited 
thereto. The negative active material includes a material that 
reversibly intercalates/deintercalates lithium ions, a lithium 
metal, a lithium metal alloy, a material being capable of 
doping lithium, or a transition metal oxide. 
The material that reversibly intercalates/deintercalates 

lithium ions includes carbon materials. The carbon material 
may be any generally-used carbon-based negative active 
material in a lithium ion secondary battery. Examples of the 
carbon material include crystalline carbon, amorphous car 
bon, and a combination thereof. The crystalline carbon may 
be non-shaped, or sheet, flake, spherical, or fiber shaped 
natural graphite or artificial graphite. The amorphous carbon 
may be a soft carbon, a hard carbon, a mesophase pitch 
carbonized product, fired coke, and the like. 
The lithium metal alloy may be an alloy of lithium and a 

metal of Na, K, Rb, Cs, Fr. Be, Mg, Ca, Sr. Si, Sb, Pb, In, 
Zn, Ba, Ra, Ge, Al, or Sn. 
The material being capable of doping and dedoping 

lithium may include Si, SiO,(0<x<2), a Si-Q alloy (wherein 
Q is an alkali metal, an alkaline-earth metal, Group 13 to 16 
elements, a transition element, a rare earth element, or a 
combination thereof, and not Si), Sn, SnO, a Sn Ralloy 
(wherein R is an alkali metal, an alkaline-earth metal, Group 
13 to 16 elements, a transition element, a rare earth element, 
or a combination thereof and is not Sn), and the like. At least 
one of the forgoing materials may be mixed with SiO. The 
elements Q and R may be Mg, Ca, Sr., Ba, Ra, Sc. Y. Ti, Zr, 
Hf, Rf, V, Nb, Ta, Db, Cr, Mo, W, Sg, Tc, Re, Bh, Fe, Pb, Ru, 
Os, Hs, Rh, Ir, Pd, Pt, Cu, Ag, Au, Zn, Cd, B, Al. Ga, Sn, In, 
Tl, Ge, P. As, Sb, Bi, S, Se, Te, Po, or a combination thereof. 
The transition metal oxide may include Vanadium oxide, 

lithium Vanadium oxide, and the like. 
The positive active material layer and negative active 

material layer may further include a binder, and a conductive 
material as needed. 
The binder improves binding properties of active material 

particles with one another and with a current collector. The 
binder may include a non-water-soluble binder, a water 
soluble binder, or a combination thereof. 

Examples of the non-water-soluble binder include poly 
vinylchloride, carboxylated polyvinylchloride, polyvinyl 
fluoride, an ethylene oxide-containing polymer, polyvi 
nylpyrrolidone, polyurethane, polytetrafluoroethylene, 
polyvinylidene fluoride, polyethylene, polypropylene, poly 
amideimide, polyimide, and combinations thereof. 
The water-soluble binder includes a styrene-butadiene 

rubber, an acrylated styrene-butadiene rubber, polyvinyl 
alcohol, Sodium polyacrylate, a copolymer including pro 
pylene and a C2 to C8 olefin, a copolymer of (meth)acrylic 
acid and (meth)acrylic acid alkyl ester, or a combination 
thereof. 
When the water-soluble binder is used as a negative 

electrode binder, a cellulose-based compound may be fur 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
ther used to provide viscosity. The cellulose-based com 
pound includes one or more of carboxylmethyl cellulose, 
hydroxypropylmethyl cellulose, methyl cellulose, or alka 
line metal salts thereof. The alkaline metal may be sodium 
(Na), potassium (K), or lithium (Li). The cellulose-based 
compound may be included in an amount of 0.1 to 3 parts 
by weight based on 100 parts by weight of the negative 
active material. 
The conductive material may improve electrical conduc 

tivity of a negative electrode. Any electrically conductive 
material can be used as a conductive agent unless it causes 
a chemical change. Examples of the conductive material 
include a carbon-based material of natural graphite, artificial 
graphite, carbon black, acetylene black, ketjen black, a 
carbon fiber, and the like; a metal-based material of a metal 
powder or a metal fiber including copper, nickel, aluminum, 
silver, and the like; a conductive polymer Such as a poly 
phenylene; or a mixture thereof. 
The rechargeable lithium battery may further include a 

separator between a negative electrode and a positive elec 
trode, as needed. The separator may include polyethylene, 
polypropylene, polyvinylidene fluoride or and multi-layers 
thereof Such as a polyethylene/polypropylene double-lay 
ered separator, a polyethylene/polypropylene/polyethylene 
triple-layered separator, a polypropylene/polyethylene/poly 
propylene triple-layered separator, and the like. 
As described above, a rechargeable lithium battery 

according to one embodiment including the electrolyte may 
have a desired type and structure, and Such a type and 
structure, and a manufacturing method is well-known in the 
art of the rechargeable lithium battery. 

FIG. 1 is an exploded perspective view of an example 
rechargeable lithium battery according to one embodiment. 
Referring to FIG. 1, a rechargeable lithium battery 100 
includes a cylindrical battery that includes a negative elec 
trode 112, a positive electrode 114 and a separator 113 
disposed between the negative electrode 112 and positive 
electrode 114, an electrolyte (not shown) impregnated in the 
negative electrode 112, positive electrode 114, and separator 
113, a battery case 120, and a sealing member 140 sealing 
the battery case 120. The negative electrode 112, positive 
electrode 114, and separator 113 are sequentially stacked, 
spirally wound, and placed in a battery case 120 to fabricate 
such a lithium secondary battery 100. 
The negative and positive electrodes may be fabricated by 

mixing the active material, a conductive material, and a 
binder into an active material composition and coating the 
composition on a current collector. The electrode manufac 
turing method is well known and thus, is not described in 
detail in the present specification. The solvent may be 
N-methylpyrrolidone but it is not limited thereto. In addi 
tion, when a water-soluble binder is used for a negative 
electrode, water as a solvent may be used to prepare a 
negative active material composition. 
The following examples illustrate the present embodi 

ments in more detail. These examples, however, are not in 
any sense to be interpreted as limiting the scope of this 
disclosure. 

EXAMPLES 

Preparation Example 1 

An organic solvent was prepared by mixing ethylenecar 
bonate (EC)/ethylmethylcarbonate (EMC)/dimethylcarbon 
ate (DMC) in a volume ratio of 3/4/3 (v/v/v). Next, 1.3 M 
LiPF was added to the organic solvent, 5 vol % of a 
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phosphaZene compound represented by the following 
Chemical formula 2a (hereinafter, referred to be HC10) as a 
flame retardant was added thereto. Then, 0.1 wt % of 
hexafluoroisopropyl acrylate as an additive was added to the 
solution based on the total weight of the electrolyte solution, 
obtaining a final electrolyte solution. 

Chemical Formula 2a) 

Preparation Example 2 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 1 wt 
% of the hexafluoroisopropyl acrylate as an additive. 

Preparation Example 3 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 3 wit 
% of the hexafluoroisopropyl acrylate as an additive. 

Preparation Example 4 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 0.1 
wt % of 2.2.3,3-tetrafluoropropyl acrylate as an additive. 

Preparation Example 5 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 1 wt 
% of the 2,2,3,3-tetrafluoropropyl acrylate as an additive. 

Preparation Example 6 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 3 wit 
% of the 2,2,3,3-tetrafluoropropyl acrylate as an additive. 

Preparation Example 7 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 10 
vol% of HC10 as a flame retardant. 

Preparation Example 8 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 10 
Vol % of HC10 as a flame retardant and 1 wt % of the 
hexafluoroisopropyl acrylate as an additive. 

Preparation Example 9 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 10 
vol % of HC10 as a flame retardant and 3 wt % of the 
hexafluoroisopropyl acrylate as an additive. 
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10 
Preparation Example 10 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 10 
vol % of HC10 as a flame retardant and 0.1 wt % of the 
2.2.3,3-tetrafluoropropyl acrylate as an additive. 

Preparation Example 11 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 10 
Vol % of HC10 as a flame retardant and 1 wt % of the 
2.2.3,3-tetrafluoropropyl acrylate as an additive. 

Preparation Example 12 

An electrolyte Solution was prepared according to the 
same method as Preparation Example 1 except for using 10 
Vol % of HC10 as a flame retardant and 1 wt % of the 
2.2.3,3-tetrafluoropropyl acrylate as an additive. 

Examples 1 to 12 

Manufacture of Lithium Battery Cell 

The following positive and negative electrodes and a 
separator were used to fabricate a coin-type lithium cells. 

Positive electrode: A Li(Nio CooMn)O (NCM) posi 
tive active material, a polyvinylidene fluoride binder, and a 
denkablack conductive material in a ratio of 92:4:4 wt % 
were mixed in an N-methylpyrrolidone solvent, preparing 
positive active material slurry. The positive active material 
slurry was coated on an Al current collector, dried, and 
compressed, fabricating a positive electrode. 

Negative electrode: An artificial graphite negative active 
material and a carboxy metayl cellulose/styrene-butadiene 
rubber binder were mixed in a HO solvent in a ratio of 
97.5:1:1.5 wt %, preparing negative active material slurry. 
The negative active material slurry was coated on a Cu 
current collector and then, dried and compressed, fabricating 
a negative electrode. 

Separator: Celgard 2320 (polypropylene/polyethylene/ 
polypropylene triple layer, thickness: 20 um). 
The positive and negative electrodes and the separator 

were used to fabricate a 2016 type coin cell (a 15 mm 
disk-shaped positive electrode and a 16 mm disk-shaped 
negative electrode), and the electrolyte solutions according 
to Preparation Examples 1 to 12 were respectively injected 
therein, fabricating a lithium ion battery cell. 

Comparative Example 1 

An organic Solvent was prepared by mixing ethylene 
carbonate (EC)/ethylmethylcarbonate (EMC)/dimethyl car 
bonate (DMC) in a volume ratio of 3/4/3 (v/v/v). Then, a 
lithium ion battery cell was fabricated according to the same 
method as Example 1 except for preparing an electrolyte 
solution by adding 1.3M LiPF to the organic solvent. 

Experimental Example 

Discharge C-Rate Characteristics and Cycle-Life 
Characteristics of Battery Cells 

The lithium ion battery cells according to Examples 2, 7, 
and 10 and Comparative Example 1 were evaluated regard 
ing discharge C-rate characteristic. The test was performed 
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by charging and discharging the lithium ion battery cells at 
each C rate for once. The results are provided in Table 1. 

TABLE 1. 

Discharge Capacity (mAh 

Comparative 
Discharge C-rate Example 1 Example 2 Example 7 Example 10 

O.S C 152.9 155.3 152.5 154.O 
1 C 139.6 145.4 142.9 144.2 
2 C 131.9 138.6 136.2 136.9 

Referring to Table 2, the lithium ion battery cells accord 
ing to Examples 2, 7, and 10 had improved high rate 
discharge characteristic compared with the one Comparative 
Example 1. 
The lithium ion battery cells according to Examples 1, 3, 

4, 6 to 8, and 11 to 12 and Comparative Example 1 were 
measured regarding cycle-life characteristic under the fol 
lowing condition. 
The lithium ion battery cells were charged and discharged 

at 0.5 C with 4.2V of a charge potential (0.02 C of a current 
cut-off) and 2.8V of a discharge potential in the first cycle, 
at 0.5 C with 4.2V of a charge potential (0.05 C of a current 
cut-off) and 2.8V of a discharge potential in the second 
cycle, at 1 C with 4.2V of a charge potential (0.05 C of a 
current cut-off) and 2.8V of a discharge potential in the third 
cycle, and at 2 C with 4.2V of a charge potential (0.05 C of 
a current cut-off) and 2.8V of a discharge potential in the 
fourth cycle and then, at 1 C with 4.2V of a charge potential 
(0.05 C of a current cut-off) and 2.8V of a discharge 
potential up to 60 cycles. 
The lithium ion battery cells were measured regarding 

charge and discharge retention at the 30th cycle. The dis 
charge retention was obtained from percentages of the 
discharge capacity after 60 cycles to the discharge capacity 
after the fourth cycle. The results are provided in the 
following Table 2: 

TABLE 2 

Discharge Retention 

98% 
99% 
100% 
99% 
99% 
100% 
99.2% 
99.5% 
98.8% 

Comparative Example 1 
Example 1 
Example 3 
Example 4 
Example 6 
Example 7 
Example 8 
Example 11 
Example 12 

Referring to Table 1, the lithium ion battery cells accord 
ing to Examples 1, 3, 4, 6, 7 to 11 had a high charge? 
discharge retention of greater than or equal to 99%, which is 
higher than that of the one according to Comparative 
Example 1. 
The lithium ion battery cells according to Examples 1, 3, 

4, 6, 7, and 11 Comparative Example 1 had the following 
charge and discharge retention at the 55th cycle as shown in 
Table 3: 

TABLE 3 

Discharge Retention 

97% 
98% 
99% 

Comparative Example 1 
Example 1 
Example 3 

12 
TABLE 3-continued 

Discharge Retention 

Example 4 100% 
5 Example 6 97.2 

Example 7 100% 
Example 11 97.5% 

Based on the results, the lithium ion battery cells accord 
ing to the Examples were remarkably suppressed from 
cycle-life characteristic deterioration compared with the one 
according to Comparative Example. 

While the present embodiments has been described in 
connection with what is presently considered to be practical 
example embodiments, it is to be understood that the 
embodiments are not limited to the disclosed embodiments, 
but, on the contrary, is intended to cover various modifica 
tions and equivalent arrangements included within the spirit 
and scope of the appended claims. 

10 

15 

What is claimed is: 
1. An electrolyte for a rechargeable lithium battery, com 

prising 
an organic solvent; a lithium salt; a flame retardant; and 

a compound having a fluorinated alkyl group selected 
from hexafluoroisopropyl acrylate, 2,2,3,3-tetrafluoro 
propyl acrylate, and a mixture thereof, 

wherein the flame retardant is included in an amount of 
about 3 vol % to about 15 vol% based on the total 
volume of the electrolyte, 

wherein the compound having a fluorinated alkyl group is 
included in an amount of about 0.05 wt % to about 5 wt 
% based on the total weight of the electrolyte. 

2. The electrolyte for a rechargeable lithium battery of 
claim 1, wherein the compound having a fluorinated alkyl 
group is hexafluoroisopropyl acrylate. 

3. The electrolyte for a rechargeable lithium battery of 
claim 1, wherein the flame retardant is at least one phosp 
haZene-based compound represented by the following 
Chemical Formula 1: 

25 

30 

35 

40 

Chemical Formula 1 
45 

50 

wherein, n is an integer of 3 or 4, and R and Rare the 
same or different, and are F, NR", or OR', wherein R' 
is a C to Co alkyl group. 

4. The electrolyte for a rechargeable lithium battery of 
claim 3, wherein the phosphaZene-based compound is a 
compound represented by Chemical Formula 2a or Chemi 
cal Formula 2b: 

55 

60 Chemical Formula 2a) 

65 
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-continued 
Chemical Formula 2b 

5. The electrolyte for a rechargeable lithium battery of 
claim 1, wherein the compound having a fluorinated alkyl 
group is 2.2.3,3-tetrafluoropropyl acrylate. 

6. The electrolyte for a rechargeable lithium battery of 
claim 5, wherein the compound having a fluorinated alkyl 
group is a mixture of hexafluoroisopropyl acrylate, and 
2.2.3,3-tetrafluoropropyl acrylate. 

7. The electrolyte for a rechargeable lithium battery of 
claim 1, wherein the lithium salt is at least one selected from 
LiPF, LiBF, LiSbF LiAsF LiCFSO, LiClO. 
LiAlO3, LiAlCl4, LiN(CFSO)(CFSO) (wherein, 
X and y are natural numbers), LiCl, LiI, LiB(CO) (Li 
BOB), and a combination thereof. 

8. The electrolyte for a rechargeable lithium battery of 
claim 1, wherein the organic solvent is at least one selected 
from carbonate, ester, ether, ketone, alcohol, an aprotic 
Solvent, and a combination thereof. 

9. A rechargeable lithium battery, comprising 
a positive electrode including a positive active material; 
a negative electrode including a negative active material; 

and 
an electrolyte comprising an organic solvent; a lithium 

salt; a flame retardant; and 
a compound having a fluorinated alkyl group selected 

from hexafluoroisopropyl acrylate, 2,2,3,3-tetrafluoro 
propyl acrylate, and a mixture thereof, 

wherein the flame retardant is included in an amount of 
about 3 Vol % to about 15 vol% based on the total 
volume of the electrolyte, 

wherein the compound having a fluorinated alkyl group is 
included in an amount of about 0.05 wt % to about 5 wt 
% based on the total weight of the electrolyte. 

10. The rechargeable battery of claim 9, wherein the 
compound having a fluorinated alkyl group is hexafluor 
oisopropyl acrylate. 

11. The rechargeable battery of claim 9, wherein the flame 
retardant is at least one phosphaZene-based compound rep 
resented by the following Chemical Formula 1: 

10 

15 

25 

30 

35 

40 

45 
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Chemical Formula 1 

wherein, n is an integer of 3 or 4, and R and Rare the 
same or different, and are F, NR', or OR', wherein R' 
is a C to Co alkyl group. 

12. The rechargeable battery of claim 11, wherein the 
phosphaZene-based compound is a compound represented 
by Chemical Formula 2a or Chemical Formula 2b: 

Chemical Formula 2a) 

Chemical Formula 2b 

13. The rechargeable battery of claim 12, wherein the 
compound having a fluorinated alkyl group is a mixture of 
hexafluoroisopropyl acrylate, and 2.2.3,3-tetrafluoropropyl 
acrylate. 

14. The rechargeable battery of claim 9, wherein the 
compound having a fluorinated alkyl group is 2.2.3,3-tetra 
fluoropropyl acrylate. 

15. The rechargeable battery of claim 9, wherein 
the lithium salt is at least one selected from LiPF LiBF 

LiSbF, LiAsF LiCFSO, LiClO, LiAlO, 
LiAIC1, LiN(CFSO)(CFSO) (wherein, X 
and y are natural numbers). LiCl, LiI, LiB(CO) 
(LiBOB), and a combination thereof. 

16. The rechargeable battery of claim 9, wherein the 
organic solvent is at least one selected from carbonate, ester, 
ether, ketone, alcohol, an aprotic solvent, and a combination 
thereof. 


